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5== (57) Abstract: Tyrosyl-tRNA synthases having a modified amino acid sequence whereby unnatural amino acids can be more effi- 

5jg ciently incorporated than original natural amino acids. More specifically, tyrosyl-tRNA synthases having been modified at the amino 

— acid(s) at the 37- and/or 1 95-positions. A method of modifying tyrosyl-tRNA synthase characterized in that the position of an amino 

= acid to be modified is determined based on the 3-D structure of an ANP complex of tyrosyl synthase and an amino acid to which. 

=■ this enzyme binds. 
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fD^tRNA^S*«ft#- 

?ay>iD fc#3S&ffl© 3 ttlllfc^ D 0 $M < JR Dfctr 

5 /Rffi^tfgfcSBSnfc^n t RNA^fftt, 5G©?c£*©^a 
->>£*) "b#^$a[0 3ffiM3 t D5'>, Wx.ff3-3-H?ny>§i^$ 
&<]RD&tn:i#T?€f, »41?n^;i/ 1 RNA^IioSSTfeS^o^ 

fttW*. d©£3fc» #35*5ffi75 /»*IRDi^£*>A^»«, 7 p ^ > 
/^I. (alloprotein) tP?^^ fcjtfUWaftTV* 5 (Koide et al., Proc. Nat 
i. Acad. Sci. USA, vol 85 (1988) pp 6237-41) . #?c$75/ 

70^>^fHS4'It5&»fc'B, V><r>j&v©^ffij&J*-S. □-f^ (Koide) 
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-&fc>i*T2 0 aJHU^fflVsS £ t**T€rft:^ (Koide et ah, Proc. Natl. 
Acad. Sci. USA, vol 85(1988) pp 6237-41) . 

%\<D-%&~?\t. **jcai©*T75y7'>;Hk*nfcu-^V'y*- 1 rn a*. 

mM®®m%\Z®X-rZ>Z.t'C, 7n^>/^^«*»fea*nTV»* (Noren et a 
I., Science, vol 244 (1989) ppl82-8) . • £ ©£8t ©*J& £ LTtt, *fifc75 

©n»ffl«)75y7'>;M RNA^SI (a a R S) ■fc«fcoT7 5 7 7^ 
E!ciili75;St t RNAt^HSWi'g^^tSSfr^ 0 . 

-^©0"j^'*i^^^^ic#«E-r«. 2 oti©75;t j en j eni:t(5LT2 os 

Si SETS. SBMl*! £«-©&& a a RS*i75/tri:l:S*fi5l:-f®S4 
itfePf^KfJO ST6ft575 /^©S^^^S^T^S. 0O*tf, 
75 y 7 ; y )V t RNA^^SI (aaRS) ©atOtfe^f a->JH RNA^ 
J&»3fS (TyrRS)lt ? □ -> > t RNA$|07S;tO t RN.A*5H9J 

(Wang) £>te, 0-^WD*»***»K75>'7'>^ 
it?Z> ± 5 fc3fe3Ebfc^ ^ / 3 yAXi^t (Methanococcus janasii) fi* 

0 T y r RSlI#t, i4*ft*©fa>'>t R N A b fc 7 > A'-lf :/ 

t RN A£*JM©'t ,, T?!8SS-e;fc (Wang et al., Science, vol 292 
(2001) , pp498-500)„ £1 © * ^ / □ y ts 7s 5? ir ^" W (Methanococcus janasi 
i) (DTyrRS, ^D->> t RNAtt-en^n^II© t RNA, aaRStS 
fcbfcV*. d©fctf>> £©#^T*. 0-^^dv>^7>A'-3F>I:^ 

I®J;5&AI»fi**»OiiCfc»lCtt.< *Xh©aaRS 
a a RS • t RNAOaSBfflJKtSltt, OTM7 5 ;tfc^6<ll;I)5t 
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S a a R S3££fc©§i5S£fir5 ££#S£T?*5. #3£M7 5 

SJ&fS aaRSli aftSTteWJfiOO-^^JP^n 5/>fc#aW&T y r R 

D&tJTy r R S3Eft#'tt^©£ C 3*0 5nT>>&^. 3 tCilS&^O^D 
->>7tO^$54lTy rRSiO t>3»¥J: < KO^tfTy r R S^Mttf 

*TK0aA;^l/S5 Of, ^ >/^S0#£©tlfc^^l7S/SO** 

% BJ © W g 

3fifti?D o^tf ^ t^T^sgf^^^n^;!/ 

75/K*^tt5S&S (7n^>^JR (alloprotein)) StUaSfSSfS* 
atf:i*»T?t5fn^ t RN A^-^^m^xIf-f >f 3 ft *£>©#£, 
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U ;|/7 5 Ktft*ltHU*ftfcJ:077t'f bfc7 5 / 7 *>;HfeJ£tt©'*S*fc 

»2Hft. /jN*E*#S«BJ6«i?*K:*W*7>A— IJ-^l^y 5/ a >^^1"» 14 
C-D<'»T?7^SnfcaRI*S. SDS-PAGETMbfc„ 7>A* 
-A-f^l/y -> 3 >tt, Ty r RS-VClSft, *fJVvV~- t RNAfflM 
#55ti:*)IC#fiErst*C©*«*a'nfc. ambtt, 3 2 # B ©□ H > S 7 > . 
;^3F>l:IiUfcmRNAT**D, sup t RNAB^cIi t RNATy r 

icIlteftTy r RS-VCfg^> it^lx^it- t R N A *-&A/^*-&©aSR 

K3iK9 tt*n^*U R a s ^ >A£«©'J 5?*X> F^^—tfilUfe? 
5^;*>hT*&-2>> Serl7-Lys42©7^/>R< Thrl48- 
Lys 1 6 7 <D 7 7 * > h ~Z $> 2> Z ttf > Si^*ffc± Dfc^ofc. 
±fk*5 J: Tim -tn-^fU 7>A-3H>^tS&^mRNA, 3 2 # i © □ 
F>#7 H>T»5mRNAfn*n©il?SllC*«r**t. K 3 7 

^77if^>h (K3-IY3 2) ^7>A'-tyi/7V3 >«I*®iW(T 
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p~>>£i3i$-rs t atjesn sffis cd 7 5 y ma 2 ^mei±^ffi©75 /its 

7nco^^©5 1 n->> e J;D t>#^&© 3 team? a ~>>£ «k r>W^< M D 
j&tf££iI£#T£*7 3/»BB^#ttgSnfc5 t n*>;i/t R N A£s£|glit£®! 
JSTSKK:* ?U>>)V t RNA^^||A5fD-»Xttfn-/>©AMPt^ 
t^t^SI©75/t§ 3 -DJJHfifcStJUTftJtU 5 yK&fl&O 

7 5 ;SKijS[«. £?£b<te2fla&l±©7 5 7 S £ffi© 7 5 7 £ £ -5 21 £ 
fctttSfTS^n t RNA^f*<075;SB5<JS85:«t5*ftfc'HtS. 
3 6fc, #3g9m. *%bj©75 /RBBaitfSfcSgStifc^n t RNA^I 

D#»lfctt* 75 /mmMtf&&2ntc^n t RNA^)$iiSiViT, * 

<lRDa»J:t^t575/75';K R N A&/&H&© Hfg ftff o T . 7 
DyJKRNA^II (TyrRS) 75/7'>^t RNA^jJS*® 1 

1"5^i^fny>7ta^$ilt5fDyjP t RNA&i&mm (Ty r R 
S) tflbfe. *»I**OTyrRSS**4*Ofni/>tRNA 
«Ift*Of a S>> t RNAS*ttfeOTy r R S t •€-tl-£tlKj& b & 
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^Ct*«tt'6hTH5©T, 3 &WWt^U $/>7^P^fcftftttfcT y r R S tt 

^tRNA^fl (TyrRS) TtfcBJ-T 5. 

*56W#6t4, 3eilfn->>7tD^l:#Sfi!)a:Ty r R S£#£fc&tC, 
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*%W%t>\ts uOt0f©7SyH&«t^t^^#^T^^l> i©7 

^p, >; p_ AMPfflHW 3 -D^ittCO^Ttt^ mz^^nX^K) (Brick, 
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et al., J. Mol. Bio., vol 208 (1988) pp83-)> CO 3 -Dfl|j6fcS:JHT 3 

* l ^Ty r R S 1 9- P AM P t £>g|&T*& Z> ifi. #3£M6>te 

Ty r R S <DUft&&& fr> £ <hfr 6 , teOiftft^CTy r R S to 

£©3 - D*Jfitx;HC*^ViT, i:Il©Ty rRS§, 3 

cktfl 9 5 ft© 7 5 Sm*M.tiiLtc. I4ICTy r R S fcfcttS 3 7 &C975 
/ISfD-»(Y) fife?), 19 5&<z)7$y@m^;p*s > (Q) TfcS. 

ST, ^IIT y r Site^ ^^try^XS H^iliL, ^CD^fv- 
(1) „ (2) Sffl^tePCRfcioT»gb&ifr£, Ndel, Hind 
I I I T«Wfb3t«fc, pET26b©NdeI-HindIII 
tfCliT, Ty r RSO^l^^^-pET-YRS^Mlfc. 
77<V-(1): 5' -G6AATTCCATATGCCAA6CACTAACTT6ATTAAACAATTGCAAG-3' 
77-f7-(2): 5' -GCCGAAGCTTGTCGACTTTCCAGCAAATCAGACAGTAATTCTTTTTACCG-3' 

3 7 1 9 5 ft© 7 5 /§?£SBft#gtfJfc&^T5:£i*£|& 

BJT£, 

ST, 3 7fiXfJ19 5fi«)l A0f0^©7S;iOilftSMlf Ct 3 7 

fe/£TSfca&fc&fl§L£:/7'f (3) (8) £#fc5jtT. 

V - (3) : 5' -AGGATCGAAGCCGCAAG'CGAGCGCGATCGGGCCTTGCGCC-3' 
77<-7-(4):5' -AGGATCGAAGCCGCAMNNGAGCGCGATCGGGCCTTGCGCC-3 ' 

M \t, C Xtt A&jRU N fit, A Xtt C X« G Xtt T$*f„ 
7"7^V-(5):5' -ACGGTGTGGTGCTGTCTATTGGTGGTTCTGACC-3' 
75-4 V— (6) :5'-ACGGTGTGGTGCTGGCAATTGGTGGTTCTGACC^3' 
77-f T-(T) : 5' -ACGGTGTGGTGCTGAACATTGGTGGTTCTGACC-3' 
y 7 -f T - (8) : 5 ' -ACGGTGTGGTGCTGTGCATTGGTGGTTCTGACC-3' 
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>^tZ75 / Kt^Sn-HtSDNAE^SMl. pET-YRSCN 
del— BamHI tiWUzmXhTc. 7 7 • X * 7. x > -> a >&tt. 

(i) t (i o) f^-i^- o) t (i i)'©a^wn 
m^xm^htc 2 oo^it&^^b, ^ti5t^7^?- (i) t.o) sffl^ 

-/^ T _ (1) : 5' -GGAATTCCATATGGCAAGCAGTAACTTGATTAAACAATTGCAAG-3' 

T _ (10) : 5' -GATCATCTGGTTAACGGAGAAGTGTTTGCC-3' 
y =, ^ T _ ( 9 ) . 5 ' -TTCTTCGGATCCAACCAGACTGCGCCGCCTTC-3' 
^ V < "7 — (1 1) : 5' -GACCTTCCTGCGCGATATTGGCAAAC-3' 
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pETYRSrtOT>^^h77^>hOt»t©tttfc#Alfc. 
tf25£S t y r Sig^5^07'77s5 h'T, /\^-/\><D^m (Hanahan, D (J. 
Mol. Bio. ,166, 557-580) 'fctp 1 «k 0 , §«^IlBLR.(DE 

tfci^ ItSR^liTyrRS^I^ffc. SilMSITyr 
R S 7 tti»rt> 5 

7*77 7^— VT'ttmLT£.m2n2>$k®v n-f h (Lioyd) e> 

(D75& (Nucleic Acids Research vol23 (1995) pp2886-2892) £W«HbU ft 411 
>J>*BloioI green (7 7" □ ->) * b T&ffl T * H t TJ , 75/7yWbE« 

31 2 <7) 75 }£ > H (Lloyd) &CD75& (Nucleic Acids Research vol23 (1 
995) pp2886-2892) £ -t CD * * fx o fc "b © "C & § . *S**&4fc^-r. 

tRNA4ftK»t4?nj/>ifctt3-a-Ffn'»c» 

t57 5/7->JHblSt^. ^t^7V> (Wolfson) £> (Wolfson, A.D. et al, 
RNA, 4 (1998), 1019-1 023) fcf3«fc$ ft3^&# 'J 7 7 U )VT 5 K*&»lb fc 11 
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#HB"T5. Tyr37WGinl950i073 /RMDiaKiOftSnfc 

^4 zl^igfo7?;7j/Hgft 
U >»<P&J$ggH0ai ( nMPPi/min/nM enzyme) ,37*0 
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^4te, Nucleic Acids Research vol 23 (1995)pp2886-2892fcf2£;ftT^<5Llo 
y d 6 <D m T ff -o tc - M £ A B * <D 7 5 J 7 ;P lb © ft * H SB V tc % <D X' & Z> . 
4^©mSIIBTy r37&tfGlnl9 5 <D M # <75 ^ g <Z> f ij £ 
t>-&-5. VCOft»flS5 : n'>>7to^/5 1 D'>>ftHi O&jfi*., * 

<9«SW73 / 7v;Mb«'l4«, G 1 n 1 9 5 fcHfc5«g©i&A©fciiK 

7 V«kDiS5H. VN, VS. RtfACtt, ffitt^ D > > 7 * D V/J- 
p-»ll:RW»75;7^Mttl:tV»TVCJ;i3*5!js > -7S/if 
$#<fc 0 feSVift^^D v>7^-D^/^D^>J:bS:^#S657 5 / T^fritm 
tt£=tT5t>©*efcofc. 
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O^T©75;7"> JMfciStt * iiin s 5 21 £ t £ 2= IS Ht* W- a c: t # 
fc. IPfcgggttfl + T?, VC, VN> Rtf AC#i^&@T^£#tt&tfilffl^ 

«fe^a->>7^n^/^oi/>jt^iUv>vc Ct3V>T> HUCt RNAtW^ 
^§«'<5:t*« , ?#5tttPAGEi:J;?T7yt'fSff5fc. V 
C fc£, ? P ~> > 7 * P ^fc^f V> £1 1 *»« ft . 

#6tlfeVCt, ^Hl5 1 n->> t RN A &*© 7 > A-1*7 U y It- t RN 
A^ffl^T, p A*jffi#©M8llfl&* >;^^^®AyfSCJ:5R)SCi^T, 

-H-R a s (Milburn et al., Science vol 247 (1990) pp939-45)£/l H © 

^ >/^K© 3 2#g ©p H>S7 >;1— p K >l:fil/&3 >*b7£v"3> 

rRS, tyi/-;^tRNAOM^^St5^i:Cli[#l/fe (f£2H) . CI 
Oltirj, m^tcD-yUyD-- t RNA^, 3A«f ^ftft©75 77^^ 

t RNA^fi!cill:iotst^t'75 / 7->;Hbsn^vii: 7> 

A*-+>-7>y >ia§^)SlS> 7 >A-p H >#*IV>=i > h n-;i/© 3 — 

m^fc^-??- F**©7>/1 — p F >C2tfS1~3&g£3- H^P A£ 
nTViS £ £ &55S#*H~ ioti^fe. R a s * >/t**-y4r;H£-;**Jl 
ViT*»»bfc«fc» SDS-PAGE fcjfcttfcSft&lfefil'TW&nfcR as© 
i§cft*fc*t*f S/t> HS«DfflbT*:/5 i *'-'e«iSUfc*rfrS, L C-MS 
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tUTfflUfcR a s ^W^I©3 2#|03 H > □ > K ftJftT -5 n K > 
-efeSdt, £©n F>*7 >/T— □ H >i:«LfcmRNA ^ £ iP & fc ^ m 

t RNA*±T»K5Rfc*lnbfc»IRRJS*ff ofc.- » 1R gl 4» * t» -fb 
bfc^^^^b©?^ N5fc*>63 2#l©75 y tt*£tr 7 > h (S e 

r 1 7 - L y s 4 2 , K37^^^>h t C3» g L TBffi o fc . ^©iSS 
7 > A'-^y 1/ 7 > I: i o T4 CfcK 3 7 7 > h t ft 1 M©? 1 

7>/\*-n K >£j?A£*lfc 3- F5 : nj/>tf D *>>©i|-&££ D7F^5A 
OKM^eMl/fcgl, 7>n-^7l/-r>a>i:ioT, K377^/7 
h© 9 5 %J^±#3- H^n tf-*, 7>/\*-3 K >{C^J5&bT5 1 0 > 

#fgB3©:£i££R a s * >./t£H*08fcLTIft9iLfc#, *5SW©^ffiHR a 

s ^ >A>«icis^sns %©Ttt3a < > ^©^ >rt2m.\z.-z>^T*>mmzmm 
r s c t #t * -s c t \tm s & t * •& . 

^±©ck-5fc, fn^P t RNA#jfc»*©J|#0!l£t,T;*:liM©Ty r RS 
fc^tfTtBlU Itfffc. *fl§®©»£.S!T y r R S fc£^T», 3 7 e^O^D 
i/>J&.tfl 9 5fifi©^^^5 >*i©7-5;tSST^illt 5CilCi>3, # 
tc«S75 3tli?n ->>/^n~>>©ffi;ftit^it5V^a->;Ht?g 

$ 6 uilT^f lfcicIiS4iTy r R S © 3 7 1 9 
©75 /M£©£*arafc#£ttffi«>TiKV>C£tf»&» HSOifiO^D 
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ft Vi S C t T#3S*& 7 5 / m £ ft fc« At 5 H t #7! # 5 H £ ttW & * 
ttMSffc*©^^ t RNA^slIl^^tsaT, JH«'£4&©«IR* 

iRftfc. d^*^^I75;Sl£tft570^>/^I$^ttlcMt5ui 
#T#S5PO »;P t RNAp||l©ISftS, ^Ui/)), t RNA^||©7 

SitfHi.*«*eS*Ilt*»«t't*'b©T»'S« *58W©5 t oS/;P t RN 

a *n«fc£©Sffl^£L »«. *«fet*©vii"n©^«** 

t^#ft^i^^fe©*mfflft^*«>^ t*^6»* uv>. ^fc> #£©£4&fc4#£ 

^j&^n ->;U t RNA^fiEllT'^Tt, £ ©£*IC*5^T«£ 
&£&l^£)7f &ftfc£> -to£<»lc*^-C*rfc&7 3 ;tOf nj/jn RNA^ 

xmrnatm'sfr t rna^i$©7^ /»e*i©&g-r£fl:g£&»5# 
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BtLTtt, russet rn A&tiwm tmmmmntm^-r^T s ;ix«7 5 

/IfflAMPl^ft (7S/7->;H^nfcAMPR{;75/7->M$tlfcA 

MPii^ftf) © 3 -DMK:g^viT«-r^£7$ ys?©fig*^^-r^ 

N A£fiK&£©«&#$3 7fi4>19 Bttn^CtfcS^T, {&©#:? X I 
5 ;7^1/ t RNAHr$^fji©^¥fTj8 S/- h H^-f >ft©»«:*r-5«BffiC3feSe 

t<t75;i©fiisfttt§i:t^Tt§„ ' 

c: iW* l < , :©:ii:j;D^«ii7sytt»t51jRtt*jpiBfl9i:i«. 

W0757*075;7^t R N A£j£»* ©£#«£ *m$T L . £©&##§ 

»!:*^TB8SiO75;»0AMP«^^t*ttt*#*ft5i:tl: < fcD 
«t^t75yt©fti$ft^t5tt^ft^ 0 

fc, LT 3 7&Rtf 1 9 5 tfT #fc#; C tl tt^Jl» 09 T 

&oT, i©4»ft^OfDi/;HRNA^^#i5|l^I^I;tt 3£-^^ifi 
l:*^T^Ifft*0?ni/A t RNA^IIO 3 1 9 5 ft K *I MS f 

TSftfij £^5©«, 7$/7y;HRNA^«i©i#ij|i^HT75 
;»Xtt7.5/l0AMP**fl: (7 5 / 7 ->;Wb $ fttc A M P R U7 5 7 7 ~> 
JMb2ttfcAMP8»#fc£) SIIt§tf|;M)fc;m^75yg0 fig 5 
$ L T Vi 5 „ 

^□->;p t RNA^s*tlf&i:»At«75;«tHtt, 75 
*tt**3tfc£K:rn>T©E*fc'£«#jtL"T\ 09* «, f®tII;75;to 
AMP^^^t©^^^^^$it^^J:5{ C -r-5Ji^fC», i^7Kii©75 7»fc' 
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*589!©ffiiBl/&0n?»» f-u s y)V t RNA^fl© 3 7 &<D^uyy*n 
U >, v>> -T V D-f X«7^~>Tft^L, Jfel9 5ft©£OU* 

#389i©4$j£©&fi©7 5 ;i#i«)75 y ^T&^sn&^a ->;p t rna 
£j&#3ll-©g&#©«3i#8i£ ttlt ^©ae^fftffftffifcJ: Dfr"5©## 

nxs ins'*iia2ofiiiB*ffl^x*8* ^ 1 1 J: o«fifc«it 

Ktltn. ^0^t^Tffifflt577'f , 7-tLTtt2 0-7 Offig> 
JfSKH2fl~5 Oi&MggT'&S. d©:/^ T- te&^BU©7G©:!£gIS?iJ 

©*>©£ffifl!1" ■&©#*#* L V*. 

#589!©#Jt©f£fi©7 5 ;tW75 ytt«§nfefDyjy t 

^fc> iaiia^if^^brc*^Bj0^D t rn A-&j&^st©^g#£> *© 
#SBgm» firBUT€rfc*5fi9i©7 5 /Kia^^gfe^snfc^PS/^ t rna 
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«t ofBje.i®^$n^ i fo©TS^vi. 

^JS«l (T y r R S atfi^jpOSSS'S * © W») 

^^^^CJIM (E. coli) W311 0 *6^n5>;P t RNA^^fl (Ty r R 
S) »fif*irn-->fl:lfc. TyrRSifefSjtllO^^^-Tr* 
5pET26b fcif ALT777 5 FpETYRS £MLfc„ 

^ilTy r R S flte?-££tf £©:/5X3 F^iSil, ^©ffiSIB3?iJ§^ 
T577-fV- ( 1 ) , (2)\ 

^y-fV- ( 1 ) 

5 ' -GGAATTCCATATGGCAAGCAGTAACTTGATTAAACAATTGCAAG-3 ' 
77-f7- (2 ) 

5' -GCCGAAGCTTGTCGACTTTCCAGCAAATCAGACAGTAATTCTTTTTACCG-3' 
SiVifcPCRfcj:Diiilfcifr§, Nde I, Hindi I I T$JHfrb£& 

^*-pET26b©NdeI-HindI I I MlCl^tf utT, 
Ty r'R-S©»S^**-p : ET-YR-SSttj£l/fc. 
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T y r R S ©£<feSK©##te#ffi V> ©T, It C * tlT V> 5 * #g?5&m 
©T y rRStfn^-AMP 3 -DHj6ft«^T< Brick, et a 

I., J. Mol. Bio., vol 208 (1988) PP83-), 3 ^figl? 1 a -> > 7 ± D ^ 
^fciitflSiAt^t 3 7&&.£tf 1 9 5&£j!,tiibfc, 

^7^7-) (3) ~ (8) iLT^ICiO^lfc. 

(a) 1 i075 ;n^gji$nfc-7s /HIi#Ofl^ 

3 7fixii 1 9 5fi©^n-en©75 /&© n@#g&snfc-7$ /tti 

#S:3-b't5DN A IB?!I £ > ^Cit7"7<7- (3) (8) £/BV>T# 

J&bfc. 7°7-r-7- (3) (4) 3.7<fc©gfe*©fc»©'b©1?**. S 

fc> 7*7^7- (5) #6 (8) » 1 9 5&©*3£©fc©©t>©"?*3. 
(3) : 

5' -AGGATCGAAGCCGCAAGeGAGCGCGATCGGGCCTTGCGCC-3' 
^7^-7- (4) : 

5' -AGGATCGAAGCCGCAMNNGAGCGCGATCGGGCCTTGCGCC-3' 

M ft, C 3U* A£tKL, N ft, A Xtt C XB G Xte TSr^To 
^7^*7- (5) : 

5 ' -ACGGTGTGGTGCTGTCTATTGGTGGTTCTGACC-3' 

^-fv- (6) : 

5' -ACGGTGTGGTGCTGGCAATTGGTGGTTCTGACC-3' 
7*7-f7- (7) : 

5' -ACGGTGTGGTGCTGAACATTGGTGGTTCTGACC-3' 
y'ysC?- (8) : 

5' -ACGGTGTGGTGCTGTGCATTGGTGGTTCTGACC-3' 

(b) 2i075yt^ii$nfcr75/StiM©ff^ 

3 7 1 9 5fifnftl0-75/II!l#^3- Kt«^77SH# 
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^Sn-FfiDNAlJimu pET-YRSCNde I— BamHIgJ 
(1 0) ©It, 7°7<-7- (9) t (1 1) ©Hft*n-6tlffl^T«Lfc2^ 

( 1 ) : 

5 ' -GGAATTCC ATATGGCAAGCAGTAACTTGATTAAACAATTGCAAG-3 ' 

(1.0) : 

5' -GATCATCTGGTTAACGGAGAAGTGTTTGCC-3' 
(9) : 

5' -TTCTTCGGATCCAACCAGACTGCGCCGCCTTC-3' 
^7^'7- (11) : 

5 ' -GACCTTCCTGCGCGATATTGGCAAAC-3' 

(StiR^SiT y r R S ©583J) 

RtfMiTy r R S.lfimoy?X5 H*. A*A> (Hanahan, D) ©# 
SO. Mol. Bio., 1 66, 557-580) Id « C TMW&m \Z «fc D , #**MBLR 
(DE 3) ^ISfellfc, 

1 OraM-f 5'^l/-;i/*^tHB«*A (5 OmM h U7 - 1 OmMMg (OA 
c) 2 (pH 7. 9), 0. 3M NaCl. SmM^W^M^ /-JP) T? 
T«ftbftNi-7»D-^A 7 A (0. 5mL) fcifJBLfc. 40mM-f5^ 
y-^^ifMMATifcofcgL 2 5 OmM-T 5^r/-;PS^trg«f«AT?» 
ffibfco *©i£ttHI#S:7-;|,U ftffttB (lOOmMMJX-HCl (p 
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H 7. 6) > 4 OmM KCL lOmM MgCh, ImM DTT) \Ztt 

e>ji^$n§75 ;iiasT y r 3 i ficiisa o> Mtffc-fey>, 

dtl£>«, 37A> 37V, 371, 3 7 L, 1 9 5 S, 195 

C , 1 9 5N, 195 AiW. JglC, Ty r 3 7R^G 1 n 1 9 5 ©MJ©t 

^fcck r> ^m^nrc~m^mmm^ntco eme>«, ^m, #^as, vs. i 

S, LS, AC, VC, IC, LC, AN, VN, IN, LN, AA, VA, I 
A, LAtDf^. Z\ti £> L/T^ 1 \Z7*t. 

7>FAM^7# (New England Biolabs (MA, USA)) ^e>gtAbfc„ 3HS?}#f£ 
H»J5 (SI#Itt7yt<) 

vx'ftmvTik&znzmmv >s*tit5ft. 7s / 7~>;MbKjS£U$ 

t§Ct#o-f ^ (Lloyd) £> 1' <£oTf::fe^£ftTVi& (Nucleic Acids Resea 
rch vol23 (1995) pp2886-2892) , *mW<D-? @ <D#i£T?&, d 4) # £ fK B§ 
&$SU >S/Htt)^U-> (Bio mol green (7t3^») ^ffflUT 
^tBt--5e:tT, 75 7 75>JWkKJiS;<Z>i!l££fTofco M<Dfca?)K:, #e»tlfc 
#*<D^iH£, 3 7 tJ*C 1 0. 0 5mlOgitB, ImM ATP (£ 

-ft^Iit) 3 0/iMaiSfPyJHRNA, 1 0 0 /iMf O5/>Jfc«0. 5 
mM 3 - 3- F^n->>t*(C«^bfeo -€-©RJS<£r#±^-&^fc$e)H, 0. 1 
m 1 <Dn-1 * V ->£itl*.fc. -ieoifif ©KftgS: 6 3 0 n m K £ ^ T 
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M-ffitt*KC<fB§T?wbfcfeOT?*5.. **>**>*>-©|i 

Tyr37WGlnl95 Offi 0 7 5 J t^Ofif; £ D # £ ftfc® 
^fc|5LTv 3fiii5 : n^>7tD^|;^t57S;7->;Hl2gtt&i'l«}: 

ajiras-sfc. ffiMWfc, £itie>o^ >m/n<D. j-u^y\z-D^x(D^m 

ny>7tD7/fDy>ttlW4i||©^JiJ:t)|^ ( 

2^|0^ST1t P-T K (Lloyd) (Nucleic Acids Research vol23 

(1995)pp2886-2892) fciDTyt'f Ife. # 5 ft.fc # * ®B£ ft 3 7 "C T 6 #|8J , 
0. 4ml©l«B ) ImM ATP l'O OitMftftKfDi/ 

;i/tRNA, 2 0 0 f(MfDy>ifeH3-3-F5 : ny>t^|^> + a ^- 

T^Lfeo il£;lftS4 fcjST . 

it 4 it. zt8S»*075 ; 7*>;Pftjftt*SUft feOTSS. 4^CD-S 
^SIIBTy r 3 7&tfG 1 n 1 9 5 ©M^O^SOfiJ^ftm^-^feitS. M 

5 J Tz/JVfcmmt. G 1 n 1 9 5 fcjg& Z> mg<D & X<D fc 0 , 3 
7V«kDlSSV». VN, VS, RtfACtt, fttt? D > 7 ± D □ *s > JfcR 

ft V>M 5 1 D ~> > 7 ± o ^/^ D v >tt&tf#H »7 5 / 7 ft *T -5 . 

75;7->Mfitt*i|ltllSt*J:i!i«T*Sti|fc^lt5Ci*tT*5. BP* 
3£S#<0*T, VC, VN, Rtf ACtfftfcai-r^SWrttRtfB/BTfrffittSff 
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fc*ff 375 J 7z/Mkfe&&* V*)V?V> (Wolfson) (Wolfson, 
A.D. et al, RNA, 4 (1998), 1019-1023) K«fcSlttiSU7i"J;V7S FM* 
ftifSio^CiDTyt-f Vtzo 3- Kfni/>9:2 0 0 m 

M\ ^-tl^n©^^tt5 0nMT3 7tt3»SI, MLfc<D-£, €M»i)£fr 
ofco rl^Si$075 7 7 -> Mfc 31 

efc^bfc^^ (3 7 V) £#J©3f!W:3 7&£/\*U >fc 1 9 5ft£vX 

T^f >n&^bfcM (vo t^So j tn j en®3@\&'&frt>7 $ swt&t&tto 

Vfe^M-a (w/o aa) , 3-3-K5 1 n'>> ( 2 0 0 mM) £ §s J)Q L £ (I- 
Tyr) , fny> ( 2 0 0 /iM) £MLfcJ§-& (Tyr) 
^Oigm. vctt, 5 1 p -> > 7 1 a ^ t: 5#Stt^^ t ^fJ o . 

gMJ6 (*^^75;KSiiMSWIi#X$tlfc3'W^S0tS) 

ienfc-IfMVCt, i:Ilfa->> tRNA**C7>A-D-?|/!/ 
■*)■ — t RNA.Sffl^T, u 2±3fmW<DmM1&9 >/^^M®n*; ^ttCiSS 

h (PR0TEI0S cell-free protein synthesis kit (Toyobo)) V^Tfr ^ fc. i 

[stcMmm c -H- R a s (Milburn et al., Science, vol 247 (1990) pp939-9 
45) Tf**. * >/1£f?<DfS3!K:/BH5 5 PIJ, +»;M:Sft3nft7"77 

5 HpEU3-NI ICSpe I-Sa 1 I SBftKl, $S$l3!c - H-Ra s©C 

MTEYKLVVVGAGGVGKSALT I QL I QNHFVD 30 

EYDPT I EDSYRKQVV I DGETCLLD I LDTAG 60 

QEEYSAMRDQYMRTGEGFLCVFA I NNTKS F 90 

ED I HQYREQ I KRVKDSDDVPMVLVGNKCDL 120 
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AART VE S RQAQD L AR S YG I PY I ETSAKTRQ 150 
GVEDAFYTLVRE I RQHKLRKLGSLVPRGSH 180 
HHHHH 185 

'Z. t~Zft ofc. m%l\$, 4-1 2%NuPAGEB i s— Tr is gel 
( I n v i. t r o g e n ) ^xm^m L Tz „ z\(D*f)l\ztt U -i *-i?7j- 
7^if-FLA- 2 0 0 0 (image analyzer FLA-2000 (Fujifilm, Tokyo, Japa 
n)) £jEV*T, R I <DftV> K £ fc & f D - ^ > V x U >W & ft 7 )V%k& (C 
ypro-tangerine protein gel stain (Molecular probes)) £JB ^TPk&Z flfcf 

.CO^W^HO32*S03 P>*T>/T-=i F > I;: §g| L 3 > X h ^ 

TyrRS, it 7 V y U— t R N A <DM###3E-r § d £ L (^2E) . 

ZOCtJzK)^ m^TcD-yUyD-- t RNA^ 3A^i$ ^4iC7S y 7y 

;v t RNA^itla,T^5i^^75 / 7*y)ifcHfttz^z.ttffr&z>. 7 

DKMLTO. lmgPimD, * >Mr U l^fcm* *fi ? \z \z 

.+ # & S © > rt* a s t # 5 £ t W t) fr -o tz 0 

7 (M^l§^ >A'^-&^©^#»«MS^|ff) 

H«©7>;t-ri *tt«fca- K^D^atJf AS 

nT^SCiSRiMfci^TH^ft. L C — M S M$T<Dft 8£> f£ . #|J.Jftfc 
*WS*KSN i -NTA1I7^D-XH-X (Ni-NTA magnetic agarose be 
ads (Qiagen)) £JBl>T**«L&. iSft^Nu PAGE k'7-> UX^ (Nu 
PAGBBis-Tris gel) ^fflUfef^tlCt^TSBCSSL, SWitelC^t 
52 1kDa(D/OH*y^690ffli / ft 1 0 . 1 u g <D7 & n*K# 9-7 
(Achromobacter Protease I (Lys-C)) * JB V> & ffifc & , 7)Vft* 
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TO. 1 % SDS£^t?0. 05M Tris-HCl (pH9) $>X. 3 7t 

t*i 2mmn^rco nx^ctc^y^ deae-spw (lxi o 

mm ;Tosoh, Tokyo) iMi ghtys i 1 C 1 8 (1x50mm; 
Kan to chemical.Tokyo) Istc^TJU 110 0 ®.Wt7 D 

■7 1^^77^ - (model 1100 liquid chromatograph (Hewle 1 1 Packard)) £JiV> 
T,3 0ftfrWt2 - 6 0 %mi&B (solvent B) <D \Z J; t> T#i! b 7c. 

<ft-Hitt, } ;3-H7K*Bli (diode-array detector) Tfrofco *&J&A (s 
ol vents A) RtfMB (solvents B) «> ^ft^'no. 09% (v/v) F'J 
7)^D»f!iK^t, 0. 075% (v/v) hU7MnSf-8 0% (v 
/ v) 7-te> - h U^T&ofCo i&fflWWu E S I (ESI probe) £ffl<^ 

fc7 ^ >LCQ^ft>h5y 7'St^*fi (Finnigan LCQ ion trap mass s 
pectrometer) IlioTilf bfc. ^>fAMS'>-jX>->>i/S > R a s © 3 
2#@(D75yi§ttJ Lys-C75^>FO [M+ 2 H] !t fc*f)StS 7 

77^^>h (Serl7-Lys42> K 3 7 3 V * > h t ffit ) \Z m S b Xffi- 
ffiZ'tT^rc. t(D^m, 7>A'-1f7l/r>3>iaoT4i;fcK3 77^/> 

3 >ia?T> K3 77^^>h©9 5%PJl±#3-lif D y>$^if-^ v y 
>/\*-n H >\zttffcLX7-uis>tfm Xisntcm^te 5 %eiTT3&5 £ £#fc>fr 
^fc. -7j, M#^?n'>>zi F >\z ioTSH- o ~> >#2IA L & £ «h 

«t)0 \za- \i^uis>*%AjtzM&\zttfo-t%nm*n~=>7 h^rnm 
zntz^z t\z& vmmvti ($3g) . 
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> h©«»EJWT**Ph e -V a 1 - As p-G 1 u- (3-F-Tyr) - 
Asp $flfcR Lfc. 

S^fttSfe©-?^^, *»!Jli0ttas>&iSfc«k*i«, fn^PtRNA^B 
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is # <d m m 

2. ^nyxosfllfrsyi^, 3 -Any yw.Wk?-ui>vi:hz>mi£ 
<nmmm l JSfcfB®©^ a ~>;i/ 1 RNA^fiE»i. 

3. Any>^3 ^^TSSif^©®H^2^fcf3m<D^D->;i/ t RNA^I 

HP 5^ o 

v>Xtt^O AM Plt£#:£l§ife1- S ft & &ffi<Z> 7 = 2S 

\Zt^M(D^uy)V t RN A-^^^^o 

5. 75 ym<D&mtLm&'j>-&< th, ±mn^^<D^n^)v t rn a£/&# 

<Df&fflI§ 4 JgfrfEfcO^D ~>JP t RNA^filgf. 

6 . ^§Ifi*OfD-/;i, t RNAMII© 3 7 fi?cy>l:i#Wi:ffi§ 

-tsfce^ au>> a-r>/>, -fVD'fvv, xa77^>T'jD. ^c>; i 

7. fnyJHRNA^IIdi, iiffl^ & =fo <D T* & 3 if* ©IS ffl 1 3I~ 
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^t§75 y^gH^J^SJc^^n^^Di/;!/ t RNA£j&igf5t£g?ii-f Sl&fc:, 5 1 
3 -D«5ifcSoHiT*^L, ^<£><£B<Z>7 5 / m*fl!l<Z)7 5 / M 

* t RN A^|$075 /$?IB?«£&^-r-5#&o 

1 1. it^o^fflm i m~m 8 ^(D^fn^^iemcDT^ y wtmmtf&^.z n 

> £ ^ *■ § s a r & « m t § * & „ 

12. 9>rt#n£.mmifi* njBrto^>/x^R«B!*-e**ii*©«BaJSi 

13. *>/1*R££3R*J, MMR*T&«ll$®IGHJBl igf£Ctt® 
1 4. WsRO^fflfit 1 JS~$f| 8 JBO^f n*K:B«©7 5 y^ffi?iJ^^$ft 

15. IBIia**, ^«*HIST*5tt:fc©«B8 1 4£fcK*©»ll&. 

16. auk**, n®MM'?$>ztii&<Difomni 4m\z&M(DMfa. 



- 29 - 



WO 03/014354 PCT/JP02/00118 




1 / 3 



WO 03/014354 



PCT/JP02/00118 



% 2 m 



mRNA wt amb amb amb 
I-Tyr 
TyrRSI£J$# 

sup tRNA 



+ + + 
+ + 
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£ 3 HI 



K3 



K9 



A 2 1 5 

(mAU) 
'3 0 0 

2 0 0- 



jlaL 



K3^-32IY 
+ 

K9 



10 0- 



0-J 



Jau 



20 25 30 35 40 

ummm (#) 



K3 

i 

T5 ft 
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SEQUENCE LISTING 

<110> Japan Science and Technology Corporation 
<120> A modified aminoacyl-tRNA snythetase 
<130> JA909400 

' <150> JP2001-234135 
<151> 2001-08-01 

<160> 13 

<170> Patentln Ver. 2. 1 

<210> 1 
<211> 424 
<212> PRT 

<213> Escherichia Coli 
<400> 1 

Met Ala Ser Ser Asn Leu He Lys Gin Leu Gin Glu Arg Gly Leu Yal 
1 5 10 15 

Ala Gin Val Thr Asp Glu Glu Ala Leu Ala Glu Arg Leu Ala Gin Gly 

1/12 
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20 



25 



30 
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Pro He Ala Leu Tyr Cys Gly Phe Asp Pro Thr Ala Asp Ser Leu His 
35 40 45 

Leu Gly His Leu Val Pro Leu Leu Cys Leu Lys Arg Phe Gin Gin Ala 
50 55 60 

Gly His Lys Pro Val Ala Leu Val Gly Gly Ala Thr Gly Leu He Gly 
65 70 75 . 80 

Asp Pro Ser Phe Lys Ala Ala Glu Arg Lys Leu Asn Thr Glu Glu Thr 
85 90 95 

Val Gin Glu Trp Val Asp Lys lie Arg Lys Gin Val Ala Pro Phe Leu 
100 105 HO 

Asp Phe Asp Cys Gly Glu Asn Ser Ala He Ala Ala Asn Asn Tyr Asp 
115 120 125 

Trp Phe Gly Asn Met Asn Val Leu Thr Phe Leu Arg Asp He Gly Lys 
130 135 140 

His Phe Ser Val Asn Gin Met He Asn Lys Glu Ala Val Lys Gin Arg 
145 150 155 160 

Leu Asn Arg Glu Asp Gin Gly He Ser Phe Thr Glu Phe Ser Tyr Asn 
165 170 175 
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Leu Leu Gin Gly Tyr Asp Phe Ala Cys Leu Asn Lys Gin Tyr Gly Val 
180 185 190 



Val Leu Gin He Gly Gly Ser Asp Gin Trp Gly Asn He Thr Ser Gly 
195 200 . 205 

He Asp Leu Thr Arg Arg Leu His Gin Asn Gin Val Phe Gly Leu Thr 
210 215 220 

Val Pro Leu He Thr Lys Ala Asp Gly Thr Lys Phe Gly Lys Thr Glu 
225 230 235 240 

Gly Gly Ala Val Trp Leu Asp Pro Lys Lys Thr Ser Pro Tyr Lys Phe 
245 250 255 

Tyr Gin Phe Trp He Asn Thr Ala Asp Ala Asp Val Tyr Arg Phe Leu 
260 265 270 ■ 

Lys Phe Phe Thr Phe Met Ser lie Glu Glu He Asn Ala Leu Glu Glu 
275 280 285 

Glu Asp Lys Asn Ser Gly Lys Ala Pro Arg Ala Glri Tyr Val Leu Ala 
290 295 300 

Glu Gin Val Thr Arg Leu Val His Gly Glu Glu Gly Leu Gin Ala Ala 
305 310 315 320 



Lys Arg He Thr Glu Cys Leu Phe Ser Gly Ser Leu Ser Ala Leu Ser 
325 330 335 
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Glu Ala Asp Phe Glu Gin Leu Ala Gin Asp Gly Val Pro Met Yal Glu 
340 345 350 

Met Glu Lys Gly Ala Asp Leu Met Gin Ala Leu Val Asp Ser Glu Leu 
355 360 365 

Gin Pro Ser Arg Gly Gin Ala Arg Lys Thr He Ala Ser Asn Ala He 
370 375 380 

Thr He Asn Gly Glu Lys Gin Ser Asp Pro Glu Tyr Phe Phe Lys Glu 
385 390 395 400 

Glu Asp Arg Leu Phe Gly Arg Phe Thr Leu Leu Arg Arg Gly Lys Lys 
405 410 415 

Asn Tyr Cys Leu He Cys Trp Lys 
420 



<210> 2 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 



<220> 
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<22l> primer_bind 
<222> (1).. (44) 
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<400> 2 

ggaattccat atggcaagca gtaacttgat taaacaattg caag 

<210> 3 
<211> 50 
<2 1 2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .Primer 
<220> 

<221> primer_bind 
<222> (1).. (50) 

<400> 3 

gccgaagctt gtcgactttc cagcaaatca gacagtaatt ctttttaccg 

<210> 4 
< 2 11 > 40 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial SequencerPr imer 
<220> 

<221> primer_bind 
<222> (1).. (40) 

<400> 4 

aggatcgaag ccgcaagcga gcgcgatcgg gccttgcgcc 

<210> 5 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pr imer 
<220> 

<221> primer_bind 
<222> (1).. (40) 

<400> 5 

aggatcgaag ccgcamnnga gcgcgatcgg gccttgcgcc 

<210> 6 
<211> 33 
<212> DNA 
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<2 1 3> Artificial Sequence 
<220> 

<223> Description of Artificial SequencerPrimer 
<220> 

< 2 2 1 > primer_bind 
<222> (1). . (33) 

<400> 6 

acggtgtggt gctgtctatt ggtggttctg acc 

<210> 7 
<21l> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequencerPr imer 
<220> 

<221> pr imer_bind 
<222> (1).. (33) 

<400> 7 

acggtgtggt gctggcaatt ggtggttctg acc 
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<210> 8 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pr imer 
<220> 

<221> primer_bind 
<222> (1). . (33) 

<400> 8 

acggtgtggt gctgaacatt ggtggttctg acc 

<210> 9 
<211> 33 
<2 1 2> DNA 

<213> Artificial Sequence 
<220> 

<2 2 3> Description of Artificial SequencerPrimer 
<220> 

<221> primer_bind 
<222> (1).. (33) 

<400> 9 
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acggtgtggt gctgtgcatt ggtggltctg acc 

<210> 10 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<220> 

<221> pr iraer_b i nd 
<222> (1).. (32) 

<400> 10 

ttcttcggat ccaaccagac tgcgccgcct tc 

<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<220> 

<221> primer_bind 
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<222> (1)..(30) 

<400> 11 

gatcatctgg ttaacggaga agtgtttgcc 
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30 



<210> 12 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pr imer 
<220> 

<221> primer_bind 
<222> (1).. (26) 

<400> 12 

gaccttcctg cgcgatattg gcaaac 26 

<210> 13 
<2 1 1 > 185 
<212> PRT 

<213> Arti f icial Sequence 
<220> 

<223> Description of Artificial Sequence:Modi f icat ion of human protein 
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<400> 13 

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys 
15 



10 



15 



Ser Ala Leu Thr He Gin Leu He Glu Asn His Phe Val Asp Glu Tyr 
20 25 



30 



Asp Pro Thr He Glu Asp Ser Tyr Arg Lys Gin Val Val He Asp Gly 
35 40 



45 



Glu Thr Cys Leu Leu Asp He Leu Asp Thr Ala Gly Gin Glu Glu Tyr 
50 55 



60 



Ser Ala Met Arg Asp Gin Tyr Met Arg Thr Gly Glu Gly Phe Leu Cys 
65 70 



75 



80 



Val Phe Ala He Asn Asn Thr Lys Ser Phe Glu Asp He His Gin Tyr 
85 90 



95 



Arg Glu Gin He Lys Arg Val Lys Asp Ser Asp Asp Val Pro Met Val 

100 105 no 

Leu Val Gly Asn Lys Cys Asp Leu Ala Ala Arg Thr Val Glu Ser Arg 
115 120 125 



Gin Ala Gin Asp Leu Ala Arg Ser Tyr Gly He Pro Tyr He Glu Thr 
130 ■ 135 140 
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Ser Ala Lys Thr Arg Gin Gly Val Glu Asp Ala Phe Tyr Thr Leu Val 

145 150 155 160 

Arg Glu He Arg Gin His Lys Leu Arg Lys Leu Gly Ser Leu Val Pro 
165 170 175 

Arg Gly Ser His His His His His His 
180 185 
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